Human norovirus (family Caliciviridae) are reported as the leading causes of viral 44 gastroenteritis in industrialized countries, and worldwide constituting a high public health 45 concern. Norovirus gastroenteritis is self-limiting but extremely infectious with a low 46 infectious dose (10-100 particles). This non-enveloped, single-stranded, positive-sense 47 RNA virus is responsible for over 90% cases of non-bacterial and approximately half of all 48 cases of gastroenteritis. Recently, the World Health Organization has estimated the global 49 burden of foodborne diseases, reporting that infectious agents that cause diarrhoeal diseases 50 accounted for the vast majority (550 million cases per year), in particular human norovirus 51 (120 million cases per year) (WHO, 2015) . 52
Moreover human norovirus is responsible for many outbreaks, especially in closed 53 environments e.g. health-care facilities and cruise ships, whereas the contribution of 54 contaminated surfaces in the spread of infection has a key role (Lopman et al., 2012) . To 55 effectively prevent norovirus outbreaks, the scientific community has been working to 56 develop strategies for treating and preventing norovirus infection. The use of antimicrobial 57 surfaces in food, clinical and community environments may help to reduce the spread of 58 norovirus infection. Among them, the use of silver has emerged as a very efficient 59 technology to prevent microbial proliferation on medical and food-contact surfaces 60 (Kuorwel et al., 2015) and, more concretely, silver nanoparticles (AgNP) have received 61 considerable attention due to their attractive physico-chemical and antimicrobial properties 62 polylactic acid (PLA) and silver ions (from 0.1 to 10 g/kg) to control feline calicivirus 72 (FCV) in vegetables. These packaging materials showed a remarkable potential for food-73 contact applications as well as active packaging to maintain or extend food quality and 74 safety. However, the maximal antimicrobial potential can hardly be achieved in most cases 75 because silver has low solubility or compatibility with the polymers matrices, leading to the 76 agglomeration and blackening of the films, or simply because the amount of silver available 77 in the film surface is insufficient to exert antimicrobial effect. 78
As an alternative, metal nanoparticles can be incorporated into sub-micro or nano fibers by 79 means of electrospinning technique in order to generate masterbatches which are 80 subsequently melt, mixed with polymers pellets, or even better, used as active coating over 81 composites. Thus, silver nitrate and silver nanoparticles at different concentrations and with 104 different aging time were investigated for their effect on norovirus surrogates. In the first 105 part of this work, norovirus surrogates were exposed to different concentrations of silver 106 nitrate and the virucidal activity was assessed using cell culture. In the second part, 107 PHBV18/AgNP fiber mats were fabricated by electrospinning and used to coat PHBV3 108 films in order to develop virucidal biopolymers that may be suitable as active material, 109 particularly in food and medical contact surfaces. The distance between the needle and the plate was 12 cm and the voltage was maintained in 162 the range 10-12 kV. All experiments were carried out at room temperature under a steady 163 flow-rate of 7 mL/h. After electrospinning, the fiber mats were dried at 40°C under vacuum 164 for 24 h to completely remove the solvent. 165
Finally, the coated structure was assembled placing 250-300 g/kg of fiber mat of about 100 166 µm of thickness onto PHBV3 films. The resulting coated system was thermally post-167 processed in a hot press (Carver 4122, USA) at 150°C during 2 min (without pressing) to 168 form a continuous film by fiber coalescence. 169
Neat PHBV3/PHBV18 films without silver were used as control for comparative purposes. (LDPE) of 2.5×2.5 cm and 10 µm thickness. Samples were incubated at 37 or 25°C 187 overnight at 100% relative humidity (RH). Thereafter, the top film was lifted, and the virus 188 droplet-exposed sides were recovered and 10-fold diluted with PBS. Lastly, the 189 corresponding cell culture assays were performed to determine whether the silver films 190
were effective in inactivating the tested viruses. A control film (without silver) was used as 191 the negative control material. 
The effect of silver nitrate and silver nanoparticles on MNV and FCV 214
As shown in Fig.1 and 2, in all tested aging times, the exposition of norovirus surrogates, 215 MNV and FCV, to silver ions or silver nanoparticles, produced a clear reduction in the 216 virus titers. The results indicated that the antiviral activity of silver, in any of its forms, is 217 dose-dependent, where increasing concentrations of silver showed increased reduction in 218 viral titers. 219
In the case of MNV, the silver nitrate suspension produced a higher reduction of MNV 220 infectivity during the first 75 days of aging. However, the antiviral activity was 221 significantly reduced after 150 days of storage probably due to the physical and chemical 222 instability of silver ions (i.e. reduction and aggregation) as it has been previously reported 223 On the other hand, the FCV appeared more susceptible to the action of silver nitrate and the 248 reduction in viral titers was higher than for their counterparts obtained for MNV (Fig.2) . 249
This appreciation leads to infer that the virucide effect of silver might depend to the 250 differences in capsid structure and capsid composition of the treated virus. Thus, for FCV, 251 the silver nitrate suspension had a highest reduction of its infectivity. This fact could be a 252 consequence of a combined effect between the high activity of soluble silver ions and the 253 higher susceptibility of FCV at Ag 0 particles produced by uncontrolled reduction (having 254 bigger size). Both, silver ions and the Ag 0 formed in the suspension could be able to disrupt M A N U S C R I P T
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12 the FCV capsid more easily than in the case of the MNV. AgNP suspensions followed a 256 slight different pattern in FCV than in its counterparts prepared with MNV (Fig. 2) . 257
To sum up, the results revealed that silver nitrate and AgNP were effective in reducing the 258 titers of FCV and MNV. The differences found between the virucide activity of the two 259 different silver forms and the two different viruses evaluated bring to light that might exist 260 different mechanisms of action depending on the virus structure and composition (Galdiero 261 et al., 2011) . In this respect, the efficacy of a micrometer-sized magnetic hybrid colloid 262 reducing the FCV titers. Therefore, comparing these results with those obtained in the 270 present study (where the highest antiviral effect was achieved with AgNP of 7±3 nm at 21 271 mg/L, it could be stated that the virucidal activity of AgNP is strongly dependent on their 272 stabilization degree, size and concentration. 273
Fibers and films morphology 274
The morphology of the PHBV18 and PHBV18/AgNP fibers obtained from electrospinning 275 was studied by SEM and representative micrographs are shown in Fig.3a and 3b,  276 respectively. As it can be observed, smooth and continuous fibers without beads were 277 attained in both cases. The electrospun fibers presented a diameter of 0.92±0.36 and 278 1.1±0.40 µm for PHBV18 and PHBV18/AgNP respectively. Interestingly, the addition of M A N U S C R I P T
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13 AgNP did not result in a significant change in fiber diameter as it can be deduced from the 280 SEM image and size distribution (Fig.3c) . However it has been previously reported that the 281 addition of salts usually increases the charge density in the ejected jets and, thus, stronger 282 elongation forces are imposed due to the self-repulsion of the excess charges under the 283 electrical field, resulting in electrospun fibers having straighter shape and smaller diameter 284 The surface and cross-section of the coated systems prepared with PHBV3 and 289 PHBV18/AgNP was also analyzed by SEM. The coated system presented a uniform and 290 smooth surface (Fig.4a ) formed by the continuous layer of annealed active fibers whose 291 thickness was not easily discerned, but it was measured to have a thickness of about 60µm 292 (Fig.4b) . The morphology of the coating layer suggests that a partial melting and 293 contraction of fibers could take place during the annealing step, favoring the adhesion 294 between the two layers. Furthermore, the presence of silver was confirmed by EDAX 295 analysis ( Fig.4c ) and the AgNP distribution assessed by mapping from the SEM images. 296
The elemental mapping image of the Fig.4d shows matched spatial distribution of silver, 297
indicating that the AgNP are homogeneously distributed into the coating and onto the 298 PHBV3/PHBV18 layer. 299 Taking into account the good performance of AgNP obtained in the first part of this work, 311 PHBV3/PHBV18/AgNP coated systems were fabricated as described above and their 312 antiviral activity was evaluated. The AgNP-films were inoculated with norovirus surrogates 313 adapting the ISO 22196:2011 and incubated at 25°C and 100% RH. Table 1 shows that 314 FCV and MNV titers decreased by 1.42 and 0.14 log TCID 50 /mL respectively. However, 315 the results were not found statistically significant (p>0.05). The effectiveness of AgNP-316 films was also evaluated at 37°C and 100% RH. After 24 h exposure, no infectious FCV 317 were recovered when in contact with the AgNP films while MNV titers decreased by 0.86 318 log TCID 50 /mL (Table 1) . As for other natural compounds AgNP-films exerted the 319 strongest antiviral effect at 37°C (Sánchez & Aznar, 2015) . 320
In a similar work, an active renewable packaging material with virucide properties was 321 synthesized by the incorporation of silver ions into PLA films by solvent casting technique. 322
These films also showed antiviral activity on FCV. When FCV was exposed to PLA-silver 323 films for 24 h at 25°C, FCV titers decreased by 2 log TCID 50 /mL when treated with PLA 324 films at concentrations of 1 g/kg of silver, while in films containing 10 g/kg of silver, FCV 325 
